OBJECTIVE-To report the design and first three years of enrollment of the Mayo Clinic Biobank.
Minnesota, 42% from Olmsted County where the Mayo Clinic Rochester is located. The five most commonly self-reported conditions were hyperlipidemia (41%), hypertension (38%), osteoarthritis (30%), any cancer (29%), and gastroesophageal reflux disease (26%). Among self-reported cancer patients, the five most common types were non-melanoma skin cancer (14%), prostate cancer (12% in men), breast cancer (4%), melanoma (3%), and cervical cancer (2% in women). Fifty-six percent of participants had at least 15 years of EMR history. To date, over sixty projects and over 69,000 samples have been approved for use.
CONCLUSION-The
Mayo Clinic Biobank has quickly been established as a valuable resource for researchers.
Objective
The Mayo Clinic has a long, rich history of biological specimen and data banking. Since 1907, Mayo Clinic has archived all tissue slides and formalin-fixed, paraffin-embedded blocks and made them available to clinicians to assist in the care of the patient and to researchers with appropriate institutional approval to further understanding of disease processes. 1 This rich history of sample collections has been enhanced over the years with the addition of many collections of disease-specific samples, including samples from patients with various cancer types, neurological diseases, and various cardiovascular conditions. Although these clinical specimens have enabled countless research studies and advanced the understanding of disease pathogenesis, there is increasing scientific need for large biobank collections so that new discoveries can be made and validated.
Many large-scale biobanking efforts are underway worldwide. When linked with subject data from questionnaires and/or medical records, biobanks can serve as valuable resources in the study of complex diseases. 2 Examples of these biobanks include the Personalized Medicine Research Project at Marshfield Clinic, Wisconsin 3 , BioVu at Vanderbilt University School of Medicine, Nashville, Tennessee 4 , Kaiser Research Program on Genetics, Environment and Health, Oakland, California 5 , the Icelandic database by deCODE genetics 6 , the Generation Scotland Biobank 7 and the UK Biobank. 8 Following several years of planning, in 2009, the Mayo Clinic Center for Individualized Medicine initiated a large scale biorepository named the Mayo Clinic Biobank. The goal of the Mayo Clinic Biobank (http://mayoresearch.mayo.edu/mayo/research/biobank/index.cfm) was to support a wide array of health-related research studies, especially those with the potential to improve patient care, by recruiting 50,000 subjects. Unlike the clinical biobank paradigm described by Zielhuis 9 , the Mayo Clinic Biobank is not focused on a specific disease category. Its original goals were to provide a source of controls for disease-specific registries at Mayo Clinic, create a cohort that could be studied, and support nested casecontrols studies with pre-disease specimens. We report here the design and implementation of the Mayo Clinic Biobank, including data from subjects recruited in the first three years of this ongoing project.
Patients and Methods

Deliberative Community Engagement
Before initiating the Mayo Clinic Biobank, we conducted a 4-day Deliberative Community Engagement Project (DCE) in September of 2007. The DCE was designed to allow citizen input into biobank design and to assure that community values were taken into account. To achieve diverse perspectives, we selected 20 lay members of the Olmsted County, Minnesota community who varied by age, sex, social and economic status, race, ethnicity, and employment. Deliberants were provided a briefing book presenting background information on biobanking issues. At the DCE event, patient advocates, potential biobank researchers, experts on biobanking procedures, human subjects protection staff, and privacy experts made presentations and answered citizens' questions. With the aid of professional facilitators, deliberants then met in small and large groups to develop recommendations. The community members made recommendations about biobank procedures and suggested guiding principles, including: the need for strong privacy protections, convenient recruitment, the importance of data sharing, limited options for return of research results, the importance of long-term community oversight, and an easy-to-understand consent document. The DCE followed an established format that has been used previously in developing biobank design and governance informed by community values and perspectives [10] [11] [12] [13] . A key outcome of the DCE was the deliberant's recommendation that Mayo Clinic establish the Biobank Community Advisory Board (described below). Additional documentation concerning the DCE can be found on the Mayo Clinic Biobank website.
Development of the informed consent process
The Mayo Clinic Biobank is an opt-in biobank for which we obtain written informed consent. The informed consent document was developed by the Mayo Clinic Biomedical Ethics Research Unit based on guidance obtained during the DCE. A core group of community deliberants offered advice and reviewed drafts. Open communication, simplicity, and brevity were the primary values espoused. Final details of the informed consent process were developed in collaboration with the Biobank Community Advisory Board (described below). Final review and approval was obtained from the Mayo Institutional Review Board to ensure that the informed consent process met all legal requirements. Biobank participants agree to permit use of samples and/or data in multiple studies, provide access to questionnaire and data from the medical record (including past and future), provide blood samples drawn specifically for the Mayo Clinic Biobank, access to stored clinical samples, and permit to share de-identified data with other researchers through secured computer databases such as dbGAP (http://www.ncbi.nlm.nih.gov/gap). Participants agree to future contact for additional studies. The consent document discusses privacy protections and risks involved in participating and discusses the potential for receiving results from projects that use the Mayo Clinic Biobank. It also provides two checkboxes (included at the suggestion of the community members) allowing the participant the option of: 1) not allowing access to stored clinical specimens for research, and 2) not allowing family members access to samples after their death. The current consent document is available at the Mayo Clinic Biobank website. Biobank staff mail a packet two to three weeks before a scheduled medical appointment that includes general information about the Biobank, an informed consent document, a baseline health history questionnaire, a choice of $20 incentives, and directions on how to provide a blood sample. Those who do not respond are telephoned after 14 days, unless the date of the appointment has already passed. Individuals not specifically invited through the mail may also enroll in the Biobank if they meet eligibility criteria. Blood samples are obtained by venipuncture at any Mayo Clinic outpatient lab during a visit or at a time preferred by the participant.
Eligibility and Recruitment
Baseline Health History Questionnaire
The baseline health history questionnaire was developed after a systematic review of similar questionnaires from institutions across the U.S. The general domains represented in the exemplar instruments were reviewed and considered for inclusion by the study team and key stakeholders. The final questionnaire includes general health questions from the SF-36 14 , a series of linear analogue self-assessment well-being questions 15 , a subset of the LOT-R measures of optimism 15 , social support 16 , depression 17 , personal and family medical history questions, reproductive history, health behaviors, a limited series of dietary questions, physical activity 18 , tobacco use, vitamins/supplements, environmental exposures, and demographics questions. A copy of the current version is available at the Mayo Clinic Biobank website. Questionnaires are returned via the U.S. mail or at a visit to Mayo Clinic. All questionnaires are visually scanned for errors and omissions when received from participants. Those with more than 10 errors are returned to the participant for correction. Data are programmatically evaluated for logic errors, incorrect skip patterns and other errors and visually compared to the original document for verification.
Biological Specimens
Participants in the Mayo Clinic Biobank are asked to provide a blood sample. The standard blood collection includes three 10 milliliter (ml) tubes with EDTA, a 10 ml tube without additives, and a 4.5 ml tube with sodium citrate (Na Cit). In a 10% random sample, a sodium heparin tube is substituted for an EDTA tube to permit processing into slow-frozen white blood cells (WBC). Blood samples are centrifuged at 2000 Relative Centrifugal Force (rcf) for 10 minutes and fractionated by automation (Perkin Elmer Janus robotic liquid handlers).
DNA is extracted from 4 ml of EDTA blood on an AutoGen (Holliston, MA) STAR DNA extraction machine and quantitated by Trinean (Belgium) instrumentation and cDrop software to determine both double stranded and total DNA amounts. Finally, DNA samples are volume checked to determine precise quantities extracted. All sample attributes are recorded. Unique identification numbers are assigned to each individual container received or created, and barcoded labels are adhered to each container. Patient demographics, sample attributes and storage locations are recorded and can be exported via reports or to databases. All demographics are disassociated from the sample record after 3 days to make patient information secure.
Output from the standard blood collection includes three aliquots of WBC (two in heparin and one in citrate), one to two DNA extractions (median 183 ug), 12 aliquots of EDTA platelet poor plasma (6 of 1000 ul, 6 of 500 ul), six aliquots of serum (1 of 1000 ul, 5 of 500 ul), and three aliquots of citrated plasma (1 of 1000 ul, 2 of 500 ul). Once created, samples are stored in a Nexus robotic −80°C high capacity freezer in 1.4 ml Matrix vials (Thermo Fisher Scientific, Hudson, New Hampshire). Samples can then be retrieved robotically upon demand and organized in a plating layout to be used with Perkin Elmer (Waltham Massachusetts) plating liquid handlers. Quality control procedures are available upon request.
Linkage to electronic patient data
A major source of data on Mayo Clinic Biobank participants is the Mayo Clinic medical record. A unified outpatient and inpatient medical record system has been in place at Mayo Clinic since 1907 19 ; the format transitioned from paper to electronic beginning in 1994 and has been completely paperless since 2004. Included in the electronic medical record (EMR) are all data from clinician notes (free text or annotated by natural language processing techniques 19 ), diagnoses (using ICD-9 codes), laboratory measurements (including values and reference ranges), medical procedures (using CPT-4), medications (using RxNorm 20, 21 ), medical images (using DICOM 22 ), vital signs, registration data and pathology (using SNOMED 23 ). These data are available to the Mayo Clinic Biobank via the Mayo Clinic Enterprise Data Trust 19 . Paper records can be retrieved for approved studies.
As mentioned above, routinely reported medication data are available through the EMR for Mayo Clinic Biobank participants. These data include prescribed medications, over-thecounter medications and dietary supplements. To describe drug intake pattern for Mayo Clinic Biobank participants, data were extracted from all patient visits from the date of enrollment through July 2012. Medication groups were created mainly based on the National Drug File -Reference Terminology (NDF-RT) classification system. The details of the grouping and application to the 2009 Rochester Epidemiology Project (REP) can be found elsewhere 20, 21 .
Community Advisory Board
The Mayo Clinic Biobank has always sought advice from the local community. After the completion of the Deliberative Community Engagement Project described above, half of the participants agreed to become members of a standing Community Advisory Board (CAB) for the Mayo Clinic Biobank. Supplemented by additional members, the current CAB provides advice on management and operation of the Biobank, reviews policies, evaluates participant materials, and provides input on complex policy decisions such as data sharing and return of research results. Examples include discussions about sharing Mayo clinic data with the federally mandated dbGaP resource housed at NIH, and detailed discussions about when and how to offer research findings discovered in the course of research in the hemoglobinopathies. The CAB, which meets quarterly, has 20 members and is co-chaired by a community member.
Access to Biobank
Requests from investigators who wish to access Mayo Clinic Biobank samples and data are reviewed by the Biobank Access Committee. All requests are considered, including those internal or external to Mayo Clinic, as well as both academic and commercial requests. Related fees vary by type and source of request and can be obtained by contacting the Mayo Clinic Biobank. The Access Committee is made up of two general internists representing areas from which patients are recruited, two clinical geneticists, a genetic counselor, a bioethicist, the community co-chair of the CAB, a statistician, several basic science researchers, an epidemiologist and the Biobank leadership. All proposals are reviewed by the Access Committee to ensure adherence to our principles, including scientific excellence, alignment with institutional goals, and potential to improve patient care. Because of the early stage of the Biobank and the large quantity of DNA extracted at time of collection, we have not yet had to deny requests for lack of samples. This may change over time, especially if there are requests for large quantities of serum and/or plasma, as our supply of those compared to the minimum needed for many tests is more limited in than is our supply of DNA.
Return of Research Results to Participants
The Biobank Access Committee, in collaboration with the CAB, has developed a policy for determining whether research results, including incidental findings, warrant being offered to Biobank participants. Potentially clinically meaningful results (e.g., genetic tests results with known clinical utility) are reviewed by an ad hoc panel of experts to determine whether knowledge of the research results would affect clinical care of Biobank participants. If determined by the expert panel to be valuable for clinical care, Biobank participants are offered the opportunity to discuss with a genetic counselor whether to learn their test results. Those who chose to learn their results are offered a second appointment with a genetic counselor at which time the research results are disclosed. If results will be used for clinical decision-making, the genetic counselor facilitates confirmation of the research results in a CLIA-approved lab.
Statistical analyses-Data on age at consent, sex, and residence at enrollment were collected from Mayo Clinic patient registration data, while body mass index (BMI, (height in cm)/(weight in kg) 2 ) data were obtained from the EMR. Self-reported questionnaires were used for obtaining education and smoking status for Biobank participants. Demographic characteristics of Mayo Clinic Biobank participants were summarized using percentages. The medians and 25 th and 75 th percentiles were calculated. Continuous variables were categorized before calculating percentages. Counts and percentages were used to summarize the top 15 self-reported diagnoses, the 15 most commonly prescribed medication groups since enrollment, and the top 15 laboratory tests measured within 5 years prior to enrollment. The characteristics of Mayo Clinic Biobank participants were compared to the participants of the Center for Disease Control's 2011 Behavioral Risk Factor Surveillance System Survey (BRFSS: http://www.cdc.gov/brfss/technical_infodata/surveydata/ 2011.htm). The 2011 BRFSS data were obtained through telephone surveys from more than 500,000 adults who were selected as representatives within each state. Prevalence estimates from the BRFSS have been shown to be comparable to other national surveys such as the National Health Interview Survey and the National Health and Nutrition Examination Survey. [24] [25] [26] Both US total and upper Midwest (Minnesota, Iowa, North Dakota, South Dakota, and Wisconsin) BRFSS survey results were used for comparison.
Results
Over the first three years of enrollment, 21,736 Mayo Clinic patients consented to participate and provided both blood and questionnaire data. Among all invited Mayo Clinic patients, 29% chose to participate, 15% refused, and the remainder did not respond to the two invitations. For the Mayo Clinic Biobank participants, 58% were female, median age was 62 years, 36% were classified as overweight (BMI of 25-29.9) and 33% were obese (BMI > 30) ( Table 1) . We compared our data to national (US total) data from the 2011 CDC's BRFSS survey. Mayo Clinic Biobank participants were older (46% aged 65 or older in Biobank vs. 18% in BRFSS), were more likely to be female (58% in Mayo Clinic Biobank vs. 51% in BRFSS), were more likely to be of European ancestry (95% in Mayo Clinic Biobank vs. 77% in BRFSS), were more likely to be obese (33% in Biobank vs. 27% in BRFSS), and were more highly educated (81% associate's degree or higher in Biobank vs. 55% in BRFSS). The percentage of participants who never smoked was higher for Mayo Clinic Biobank participants (59%) than was reported nationally (55%). The percentage of current smokers was similar in the Mayo Clinic Biobank compared to national data (13% vs. 14%). Adjusting for age and sex did not materially change these results.
Mayo Clinic Biobank participants mainly reside in the upper Midwest states with more than 74% from Minnesota (MN); 42% of the total were from Olmsted County where the Mayo Clinic is located (Table 1) . Compared to the BRFSS population from the Upper Midwest states, the differences between participants in the Mayo Clinic Biobank were somewhat smaller than when comparing to national US data (Table 1) . For example, the Upper Midwest BRFSS participants were 90.8% European which is more similar to the 95% in the Mayo Clinic Biobank participants than the national average of 83.1%.
Mayo Clinic Biobank participants were recruited through 11 different practice locations (Table 2) . Among all 21,736 participants, 22% had a clinic visit to Primary Care Internal Medicine at the time of enrollment, while 6% of them were volunteered. Patients having an appointment to the General Internal Medicine -Regional Practice had the highest participation rate when invited (33%), followed by patients seen in Executive Health (31%). Participation rate for Primary Care Internal Medicine was 26%. Table 3 displays the top 15 self-reported diagnoses in the Mayo Clinic Biobank among participants in the first three years of enrollment. The five most commonly self-reported conditions were hyperlipidemia (41%), hypertension (38%), osteoarthritis (30%), any cancer (29%), and gastroesophageal reflux disease (GERD) (26%). Among 29% of participants with any self-reported cancer, the five most common cancer types were non-melanoma skin cancer (14%), prostate cancer (12% in men), breast cancer (4% in both men and women), melanoma (3%), and cervical cancer (2% in women).
Fifty-six percent of Mayo Clinic Biobank participants had at least 15 years of EMR data ( Figure 1A) . Seventy-seven percent had at least 2 clinic visits per year and an EMR length greater than one year ( Figure 1B) . Medication data were pulled from the EMR for visits from the date of enrollment through July 2012 ( Table 4 ). The most common types of medications included laxatives (48%), opioid analgesics (41%), antilipemic agents (40%), topical anti-infectives/anti-inflammatory agents (35%), and anti-microbials (32%). The top five laboratory tests in the five years prior to enrollment were a lipid screen (total cholesterol, triglycerides, HDL cholesterol, LDL cholesterol), glucose, creatinine, aspartate aminotransferase (AST), and thyroid stimulating hormone (TSH) ( Table 5) .
Currently, the Mayo Clinic Biobank stores DNA, plasma, platelet poor plasma, serum, and WBC samples from all participants ( Table 6 ).The total number of processed and stored sample vials on patients recruited in the first three years in the Mayo Clinic Biobank is 458,000, with 56,000 DNA, 116,000 serum, 215,000 plasma, 64,600 WBC, and 5,900 slow frozen cells. Median DNA available per patient is 182 μg (5 th percentile to 95 th percentile 74 μg to 343 μg). Median serum available per patient is 3.5 mL (5 th percentile to 95 th percentile 3 mL to 4 mL).
Since the establishment of the Mayo Clinic Biobank, over 60 studies have been approved to use Mayo Clinic Biobank biological specimens and/or self-reported questionnaire data. The most common use of the Mayo Clinic Biobank among investigators was as a control group for their disease-specific cases (N=34), while a few studies used the Biobank to increase the number of disease-specific cases by abstracting the medical records (N=13). Ten requests were to use existing data within the Biobank (i.e., whole-exome sequence data on 89 subjects); four were for normal samples for laboratory test development; three were to develop exposure-specific cohorts as well as a few other miscellaneous types of studies. Over 69,000 aliquots, mostly DNA samples for genotyping, have been approved for distribution. Data generated from samples and/or medical record abstractions are returned to the Biobank.
Discussion
Since being established in 2009 by the Mayo Clinic Center for Individualized Medicine, the Mayo Clinic Biobank grew to over 21,000 participants within three years. The goal of the Mayo Clinic Biobank is to support a wide array of health-related research studies, especially those with the potential to improve patient care. A key strength of the Mayo Clinic Biobank is that it is embedded in a thriving clinical practice and participants have agreed to allow researchers access to their past and future Mayo Clinic medical records. Many of the participants have over 15 years of data in the EMR and many have many additional years of data available for manual abstraction from the paper medical records, if needed. EMR data allow us to use natural language processing (NLP) tools to extract other non-indexed data from the EMR text. By requiring all projects using the Mayo Clinic Biobank to return the data obtained from our participants we continually build the value of the institutionallymanaged Biobank resource. Because of these strengths, over 60 projects have requested samples and/or data from the Mayo Clinic Biobank since the start of enrollment. Over 69,000 samples have been approved for distribution. Data incorporated into the Mayo Clinic Biobank include those from written questionnaires, EMR and administrative data. Blood samples and their derivatives have been made available for research. Finally, we have a robust, active, CAB with strong leadership from the community that has provided meaningful guidance on a wide array of topics.
Although there are myriad strengths associated with the Mayo Clinic Biobank, it has limitations. First, the Mayo Clinic Biobank, with a goal of 50,000, will be much smaller than many recently established biobanks such as the UK Biobank 27 (N=500,000+); the China Kadoorie Biobank 28 (N=500,000+); the BioVu Biobank 4 at Vanderbilt University School of Medicine in Nashville, Tennessee (N=150,000 plus) and the Kaiser Permanente Biobank 5 (N=100,000). Although it is small compared to some existing cohort studies, it can be used to assess common and moderately common diseases. It can also serve as a source of controls to case-series.
Second, the Mayo Clinic Biobank is not population-based and characteristics of its participant pool diverge from the population parameters offered by the BRFSS. For example, 81% of Biobank participants reported having an Associate's degree or higher compared to the national rate of 55%. Based on 2010 US Census Data (http:// repweb.mayo.edu/population-information/rep-population-information), residents of Olmsted County, where the Mayo Clinic is located, had higher level of education (39.1% with a Bachelor's degree or higher compared to the national average of 27.9%). However, we found that residence did not fully explain the high rates of education in Biobank participants: 51.5% of Biobank participants from Olmsted County reported having a Bachelor's degree or higher compared to 39.1% in Olmsted County residents in general. We concluded that our greater than average rate of higher education may be influenced by multiple factors, including: a higher probability of recruitment of Mayo Clinic employees and dependents (who are more likely to be well educated than the rest of the local residents) considering our recruitment from primary care practices where most employees and dependents obtain their health care, and a perhaps higher than average probability of participation among the well-educated. In addition, comparisons between the Mayo Clinic Biobank participant pool and the BRFSS should be made with caution as the questionasking, sample frame, time frame, and method of data collection used by the BRFSS differs significantly from those associated with the Mayo Clinic Biobank. Such differences might introduce error that may artificially over-or under-estimate concordance and therefore bias.
Third, our Biobank may not completely represent the general population. However, the majority of the approved studies also recruit their disease cases from clinic patients, not from the general population. Therefore, in studies utilizing the Biobank, we try to minimize selection bias by selecting matched controls to be comparable to the case distribution.
A fourth limitation is that the observed participation rate of 29% can be perceived as low. In a separate investigation, we found that sex, age, region of residence, and race/ethnicity were significantly associated with participation and that refusers more often cited privacy concerns while non-responders more often identified time constraints as the reason for nonparticipation 29 . It is interesting to note that an even lower response rate (5.5%) was reported in the UK Biobank, a similar opt-in biobank 30 . How these findings affect the inferential value of the Mayo Clinic Biobank is unclear.
Finally, for reasons of practicality and budget, the study materials were designed as Englishonly. The impact of this is likely to be only minimal as only 11% of the Minnesota population speaks a language other than English at home and more than 60% of those falling into this category can speak and read English very well (http://factfinder2.census.gov/ faces/nav/jsf/pages/index.xhtml). Similar data pertain to the Jacksonville, Florida region where Mayo Clinic Florida is located; only 5% of Jacksonville residents were born in a foreign country. Thus, we do not expect any higher impact of our English-only materials in the Mayo Clinic Florida and do not plan to translate our study materials into languages other than English. Nonetheless, the lack of translated materials may have contributed to the under-representation of minority participants in the Mayo Clinic Biobank.
Conclusion
In conclusion, the Mayo Clinic Biobank is an established valuable resource for researchers at Mayo Clinic. Biobanks like the one described herein -with biospecimens and risk factor data on a large number of participants embedded in a clinical practice and followed longitudinally -will be critical to the successful translation of individualized medicine. Depth of the electronic medical records (EMR) for Mayo Clinic Biobank participants, using the length (panel A) of the EMR and the average number of visits per year (panel B). The maximum length of EMR available in Mayo Clinic is 19 years. * Medication data were extracted from electronic medical records using methods outlined in Pathak et al. 20 † Participants who received multiple medications within the same medication group were counted once.
